The Inforum-IIASA Trade Model: An Interim Report by Nyhus, D.E.
The Inforum-IIASA Trade Model: An 
Interim Report
Nyhus, D.E.
IIASA Working Paper
WP-80-024
January 1980 
Nyhus, D.E. (1980) The Inforum-IIASA Trade Model: An Interim Report. IIASA Working Paper. WP-80-024 Copyright © 
1980 by the author(s). http://pure.iiasa.ac.at/1445/ 
Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or 
opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other 
organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work 
for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial 
advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 
servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 
NOT FOR QUOTATION 
WITHOUT PELYISSION 
OF THE AUTHOR 
THE INFORUM-IIASA TRADE MODEL: 
AN INTERIM REPORT 
D o u g l a s  E.  Nyhus 
J a n u a r y  1980  
WP-80-24 
Working P a p e r s  are i n t e r i m  r e p o r t s  o n  work o f  t h e  
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  S y s t e m s  A n a l y s i s  
a n d  h a v e  r e c e i v e d  o n l y  l i m i t e d  rev iew.  V i e w s  o r  
o p i n i o n s  e x p r e s s e d  h e r e i n  d o  n o t  n e c e s s a r i l y  r e p r e -  
s e n t  t h o s e  o f  t h e  I n s t i t u t e  or  o f  i t s  N a t i o n a l  M e m b e r  
O r g a n i z a t i o n s .  
INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A-2361 L a x e n b u r g ,  A u s t r i a  
THE INFORUM-I IASA TRADE MODEL: 
A N  INTERIM REPORT 
An i n i t i a l  v e r s i o n  o f  t h e  INFORUM-IIASA i n t e r n a t i o n a l  t r a d e  
mode l  f o r  t h e  l i n k a g e  o f  n a t i o n a l  i n p u t - o u t p u t  m o d e l s  was  c o m p l e t e d  
some y e a r s  a g o .  F o r  many p e o p l e ,  t h e  l i n k a g e  mode l  s t i l l  r e m a i n s  
t h e  mos t  i n t e r e s t i n g  p a r t  o f  t h e  s y s t e m  o f  i n p u t - o u t p u t  m o d e l s  
b e i n g  j o i n t l y  d e v e l o p e d  by  t h e  I n t e r i n d u s t r y  F o r e c a s t i n g  P r o j e c t  o f  
t h e  U n i v e r s i t y  o f  M a r y l a n d  (INFORUM), IIASA a n d  s e v e r a l  o t h e r  
c o o p e r a t i n g  i n s t i t u t i o n s .  
A b r i e f  o v e r v i e w  o f  t h e  s y s t e m  o f  m o d e l s  is  p r e s e n t e d  f i r s t  i n  
S e c t i o n  1. A r e v i e w  o f  t h e  m o d e l  and  t h e  r e s u l t s  o b t a i n e d  f r o m  its 
e m p i r i c a l  e s t i m a t i o n  a n d  s i m u l a t i o n  is  p r e s e n t e d  i n  S e c t i o n  2. The  
m o s t  c o m p l e t e  r e p o r t  is c o n t a i n e d  i n  N y h u s ( 7 5 ) ;  l e s s  e l a b o r a t e  
p r e s e n t a t i o n s  a r e  i n  N y h u s ( 7 8 )  a n d  A l m o n , N y h u s ( 7 7 ) .  S e c t i o n  3 g i v e s  
some t h o u g h t s  o n  how t h a t  mode l  may b e  i m p r o v e d .  S e c t i o n  4 
p r e s e n t s  a  m e t h o d  f o r  t h e  l i n k a g e  p r o b l e m s  e n c o u n t e r e d  i n  t h e  
t r a n s f e r e n c e  o f  d a t a  f r o m  t h e  n a t i o n a l  m o d e l s  t o  t h e  t r a d e  m o d e l .  
1. AN OVERVIEW OF THE INTERNATIONAL T R A D E  L I N K A G E  SYSTEM 
F i g u r e  1 s h o w s  i n  b l o c k  f o r m  t h e  l i n k a g e s  i n  t h e  s y s t e m  o f  
m o d e l s .  We b e g i n  w i t h  t h e  b l o c k s  l a b e l e d  " F r e n c h  m o d e l "  and  
" J a p a n e s e  model ' .  T h e s e  two b l o c k s  a r e  r e p r e s e n t a t i v e s  o f  t h e  
n a t i o n a l  m o d e l s .  ~ a ' c h  n a t i o n a l  mode l  m a k e s  a  f o r e c a s t  i n  i t s  own 

c u r r e n c y  and  i n  i t s  own c l a s s i f i c a t i o n  s c h e m e .  T h u s ,  t h e  F r e n c h  
model  h a s  9 1  s e c t o r s  and  is  b a s e d  o n  a  1 9 7 6  i n p u t - o u t p u t  t a b l e ;  t h e  
J a p a n e s e ,  1 5 6  s e c t o r s  w i t h  a  1 9 7 0  t a b l e ,  t h e  B e l g i a n ,  50 s e c t o r s  
b a s e d  i n  1 9 7 0  a n d  s o  o n .  Each  o f  t h e s e  m o d e l s  m a k e s  p r o j e c t i o n s  
y e a r  by  y e a r  t o  1 9 9 0  o f  p e r s o n a l  c o n s u m p t i o n  e x p e n d i t u r e s  b y  s p e n d -  
i n g  c a t e g o r y ,  g o v e r n m e n t  p u r c h a s e s  b y  p r o d u c t  a n d  s o  o n .  I n  p a r -  
t i c u l a r ,  f o r e c a s t s  o f  i m p o r t s  and d o m e s t i c  p r i c e s  a r e  p r o d u c e d  i n  
t h e  n a t i o n a l  c l a s s i f i c a t i o n  s y s t e m .  T h e s e  v a l u e s  t h e n  p a s s  t h r o u g h  
a  c l a s s i f i c a t i o n  c o n v e r s i o n  p r o c e s s  d e s c r i b e d  b y  t h e  box "cc" t o  
g e t  i m p o r t s  a n d  p r i c e s  a c c o r d i n g  t o  t h e  S t a n d a r d  I n t e r n a t i o n a l  
T r a d e  C l a s s i f i c a t i o n  (SITC)  f o r  a  s t a n d a r d  l i s t  o f  1 1 9  p r o d u c t s .  
The  t r a d e  m o d e l  t h e n  a l l o c a t e s  t h e  " g i v e n "  i m p o r t s  among e x p o r t e r s  
u s i n g  p r i c e s  and  t r e n d s  t o  a d  j u s t  b a s e  y e a r  e x p o r t  s h a r e s .  M a t r i x  
a d d i t i o n  o f  t h e  b i l a t e r a l  t r a d e  f l o w s  g i v e s  t o t a l  " e x p o r t s "  i n  t h e  
SITC c l a s s i f i c a t i o n  b y  p r o d u c t .  T h e  t r a d e  m o d e l  a l s o  g i v e s  " w o r l d  
p r i c e s "  a s  s e e n  b y  e a c h  i m p o r t i n g  c o u n t r y  f o r  e a c h  p r o d u c t .  Once 
a g a i n  a  c l a s s i f i c a t i o n  c o n v e r s i o n  s c h e m e  i s  u s e d  t o  c o n v e r t  e x p o r t s  
a n d  p r i c e s  f r o m  t h e  t r a d e  mode l  t o  t h e  n a t i o n a l  m o d e l .  T h e  e x p o r t s  
a r e  t h e n  u s e d  a s  e x o g e n o u s  v a r i a b l e s  i n  t h e  n a t i o n a l  m o d e l .  
F u r t h e r ,  w o r l d  p r i c e s  a r e  u s e d  i n  t h e  c a l c u l a t i o n  o f  d o m e s t i c  
p r i c e s  a s  t h e y  e n t e r  t h r o u g h  a s  t h e  c o s t  o f  i m p o r t e d  m a t e r i a l s  and 
i n  t h e  i m p o r t  f u n c t i o n s  w h e r e  t h e  m o d e l s  d e c i d e  t h e  p r o p o r t i o n  o f  
demand t o  be  s u p p l  i e d  b y  i m p o r t s  and  t h e  p r o p o r t i o n  t o  b e  s u p p l i e d  
b y  d o m e s t i c  p r o d u c e r s .  
A s h o r t  e x a m p l e  may h e l p  i l l u s t r a t e  t h e  b a s i c  w o r k i n g  o f  t h e  
s y s t e m ,  S u p p o s e  t h e r e  is a n  e x o g e n o u s  i n c r e a s e  i n  g o v e r n m e n t  p u r -  
c h a s e s  i n  F r a n c e .  T h e  i n c r e a s e d  f i n a l  demand w i l l  g e n e r a t e  
i n c r e a s e d  o u t p u t s  a n d  i m p o r t  d e m a n d s  f o r  F r a n c e .  F u r t h e r ,  F r e n c h  
d o m e s t i c  p r i c e s  w i l l  r i s e  f a s t e r  t h a n  b e f o r e  b e c a u s e  o f  a t i g h t e r  
l a b o r  marke t .  These  i n f l u e n c e s  a r e  t h e n  t r a n s f e r r e d  t o  t h e  t r a d e  
model. T h e r e ,  t h e  i n c r e a s e d  F rench  d o m e s t i c  p r i c e s  w i l l  r e d u c e  
F r a n c e ' s  e x p o r t  s h a r e s  and hence  i t - s  e x p o r t s .  O t h e r  c o u n t r i e s '  
e x p o r t s  a r e  i n c r e a s e d  b e c a u s e  o f  s u b s t i t u t i o n  o f  t h e i r  g o o d s  f o r  
F rench  o n e s  and a l s o  b e c a u s e  of i n c r e a s e d  F rench  demand f o r  t h e i r  
goods .  The F rench  model is  now s o l v e d  o n c e  a g a i n  u s i n g  t h e  new 
lower  e x p o r t  demands.  The  l o w e r  e x p o r t s  w i l l  i n  t u r n  l e s s e n  t h e  
t i g h t n e s s  i n  t h e  l a b o r  m a r k e t  and hence  d o m e s t i c  p r i c e s  w i l l  be  
l e s s  t h a n  on t h e  f i r s t  i t e r a t i o n .  O t h e r  c o u n t r i e s  w i l l  see t h e i r  
own impor t  demands change .  The d i r e c t i o n  is ,  however ,  u n c e r t a i n  
b e c a u s e  two oppos ing  f a c t o r s  w i l l  be  a c t i n g  on  t h e i r  i m p o r t  
demands. The p o s i t i v e  f a c t o r  o c c u r s  b e c a u s e  t h e  i n c r e a s e d  e x p o r t s  
c a u s e s  t h e  economy t o  be l a r g e r  and h e n c e  t h e r e  is  a  need f o r  more 
impor t ed  goods .  The n e g a t i v e  f a c t o r  is t h a t  t h e s e  i m p o r t s  w i l l  
c o s t  more and s o  t h e  economy may w e l l  s u b s t i t u t e  d o m e s t i c a l l y  p ro -  
duced goods  f o r  i m p o r t e d  o n e s .  T h i s  d e s c r i p t i o n  is  n e c e s s a r j l y  
i n c o m p l e t e  and d o e s  n o t  r e f l e c t  t h e  f u l l  i n t e r a c t i o n s  b u t  i t  d o e s  
show t h e  main f a c t o r s  a t  work i n  t h e  s y s t e m .  
2.1 EXISTING TRADE MODEL 
The t r a d e  model ,  c u r r e n t  e s t i m a t e d  (Nyhus ,75 )  and s i m u l a t e d  
( N y h u s , 7 9 ) ,  is an  e c o n o m e t r i c  model o f  w o r l d  t r a d e  f o r  1 1 9  
c a t e g o r i e s  o f  m e r c h a n d i s e  t r a d e .  The model f o c u s ? s  o n  f o r e c a s t i n g  
e x p o r t s  by cornnodi t y  f o r  n i n e  ma jo r  d e v e l o p e d  m a r k e t  economies  
(Canada ,  USA,  J a p a n ,  B e l g i u n ,  F r a n c e ,  F e d e r a l  R e p u b l i c  o f  Germany, 
I t a l y ,  N e t h e r l a n d s  and t h e  i l n i t e d  Kingdom) and a  r e s t  o f  t h e  wor ld  
r e g i o n .  I t  t a k e s  t o t a l  i m p o r t s  and d o m e s t i c  p r i c e s  o f  e a c h  c o u n t r y  
f o r  e a c h  commodity a s  q i v e n  and t h e n  a l l o c a t e s  t h e s e  i m p o r t s  t o  
s u p p l i e r s .  
The b a s i c  p o i n t s  o f  r e f e r e n c e  f o r  t h e  a n a l y s i s  a r e  t r a d e  f l o w  
m a t r i c e s ,  M I  o n e  f o r  e a c h  o f  t h e  1 1 9  c o m m o d i t i e s  f o r  e a c h  o f  t h e  
y e a r s  1962-1972.  ( T h e  d a t a  h a s  now b e e n  e x t e n d e d  t o  1 9 7 5 . )  E a c h  M 
is s q u a r e  a n d  h a s  a s  many rows  o r  c o l u m n s  a s  t h e r e  a r e  c o u n t r i e s  i n  
t h e  m o d e l *  The i t h  row o f  M e x p r e s s e s  t h e  e x p o r t s  o f  c o u n t r y  i t o  
e a c h  o f  t h e  o t h e r  c o u n t r i e s .  The d i a g o n a l  e l e m e n t s  a r e  a l l  z e r o ,  
e x c e p t  f o r  o u r  t e n t h  c o u n t r y ,  a  r e g i o n  c a l l e d  t h e  " r e s t  o f  t h e  
w o r l d "  ( o r  more  s i m p l y  " O t h e r s " )  w h e r e  t h e  r e m a i n i n g  c o u n t r i e s  a r e  
a g g r e g a t e d  t o g e t h e r  i n t o  o n e  r e g i o n  t o  o b t a i n  i n t r a - r e g i o n a l  f l o w s .  
T h u s ,  t h e  t o t a l  i m p o r t s  o f  c o u n t r y  j a r e  g i v e n  by t h e  c o l u m n  sum, 
M = C  
. j M i j ,  a n d  t h e  t o t a l  e x p o r t s  o f  c o u n t r y  i b y  t h e  row sum,  Y i  . 
- C 
 M i j  . The m a t r i x  o f  m a r k e t  s h a r e s  S is t h u s  o b t a i n e d  b y  
i j 
d i v i d i n g  e a c h  c o l u m n  o f  M b y  i t s  c o l u m n  sum. H e n c e ,  S i  is t h e  
p r o p o r t i o n  o f  g o o d s  f r o m  c o u n t r y  i i n  c o u n t r y  j ' s  i m p o r t s .  
P r e d i c t i n g  t h e  S m a t r i x  is  t h e  m a i n  b u r d e n  o f  t h e  t r a d e  m o d e l .  
The b a s i c  e q u a t i o n  w e  s h a l l  u s e  f o r  d o i n g  s o  is: 
w h e r e  
' i j t  = t h e  e f f e c t i v e  p r i c e  o f  t h e  q o o d  i n  c o u n t r y  i ,  
p e i t ,  r e l a t i v e  t o  t h e  w o r l d  p r i c e  a s  s e e n  f rom c o u n t r y  j 
pwj t. M a t h e m a t i c a l l y ,  we c a u l  d i r i t e  Pi t=pe i t /pwj  
N o t e  t h a t  t h e  e x p o n e n t ,  b . .  may b e  d i f f e r e n t  f o r  e a c h  e x p o r t e r  
1 2  
i .  T h i s  is a s i g n i f i c a n t  g e n e r a l i z a t i o n  o f  p r e v i o u s  f o r m u l a t i o n  
which  had s p e c i f i e d  t h a t  t h e  b ' s  be t h e  same f o r  e a c h  e x p o r t e r .  
To i n s u r e  t h a t  g l o b a l  e x p o r t s  e q u i l  g l o b a l  ' i m p o r t s ,  t h e  w o r l d  
p r i c e s  a s  s e e n  b y  c o u n t r y  j ,  Pwj t 1  is  d e f i n e d  i ~ ~ l p l i c i t l y  b t h e  
s i m p l e  r e q u i r e m e n t  t h a t  t h e  sum o f  t h e  s h a r e  o f  a l l  c o u n t r i e s  i n  
c o u n t r y  j ' s  i m p o r t s  s h o u l d  e q u a l  1, t h u s :  
E q u a t i o n  ( 2 . 1 . 2 )  is l i n e a r l y  homogenous  i n  t h e  p r i c e s .  S u p p o s e  a l l  
d o m e s t i c  p r i c e s ,  p e i t  a r e  d o u b l e d ;  t h e n  a  d o u b l i n g  o f  t h e  w o r l d  ' 
p r i c e ,  pwj t ,  w i l l  l e a v e  t h e  p r i c e  r a t i o  u n d i s t u r b e d .  A n o t h e r  p r o -  
p e r t y  o f  t h e  d e f i n i t i o n  o f  t h e  w o r l d  p r i c e  is t h a t  t h e  r a t i o  o f  t h e  
s h a r e s  o f  a n y  two  c o u n t r i e s  w i l l  c h a n g e  i f  a  t h i r d  c o u n t r y  c h a n g e s  
i t s  p r i c e  ( p r o v i d e d  n e i t h e r  c o u n t r y ' s  s h a r e  is z e r o  a n d  b o t h  d o  n o t  
h a v e  i d e n t i c a l  b ' s )  . 
E q u a t i o n  ( 2 . 1 . 1 )  c a n  a l s o  b e  w r i t t e n  i n  terms o f  t r a d e  f l o w s  
a s :  
The  e q u a l i t y  o f  e x p o r t s  a n d  i m p o r t s  c a n  e a s i l y  b e  s e e n  b y  summing 
( 2 . 1 . 3 )  o v e r  e x p o r t i n g  c o u n t r i e s  i and  u s i n g  t h e  w o r l d  p r i c e  
d e f i n e d  by ( 2 . 1 . 2 )  : 
T h i s  s o l u t i o n  t o  t h e  a d d i n g - u p  p r o b l e n  b y  t h e  i l n p l i c i t y  d e f i n i t i o n  
P w j t  s h o u l d  b e  n o t e d  c a r e f u l l y .  T h e  w h o l e  m e t h o d  r e s t s  o n  i t .  
One f u r t h e r  a s p e c t  o f  e q u a t i o n  ( 2 . 1 . 3 )  s h o u l d  b e  n o t e d .  T h e  
v a l u e  f l o w ,  M i j t  , h a s  b e e n  d e f l a t e d  b y  t h e  e x p o r t i n g  c o u n t r y ' s  
d o m e s t i c  p r i c e  i n d e x .  S o  w e  a r e  d e a l i n g  t h e  v o l u m e  f l o w s .  N o t e  
a l s o  t h a t  t o t a l  i m p o r t s  o f  c o u n t r y  j h a v e  b e e n  e x p r e s s e d  ( i n  v o l u m e  
terms) a s  t h e  sum o f  a l l  v o l u m e  e x p o r t  e x p o r t s  t o  i t .  T h e r e f o r e ,  
t h e  p r o p e r  d e f l a t o r  f o r  i m p o r t s  t o  j d o e s  n o t  c o n t a i n  t h e  d o m e s t i c  
p r i c e  i n d e x  o f  j ( e x c e p t  when M = 0 ,  i . e . ,  f o r  i n t r a - r e g i o n a l  i i 
f l o w s )  . 
The  p r o b l e m  now i s  f i n d  a  s e t  o f  s u b s t i t u t i o n  p a r a m e t e r s  ( b ' s )  
a n d  a  s e r i e s  o f  w o r l d  p r i c e s  w h i c h  a r e  c o n s i s t e n t  w i t h  c o n d i t i o n s  
( 2 . 1 )  a n d  ( 2 . 1 2 )  A s i m p l e  i t e r a t i v e  p r o c e d u r e  w a s  p l a n n e d  
w h e r e b y  v a l u e s  f o r  t h e  b ' s  w o u l d  b e  a s s u m e d  a n d  t h e n  ( 2 . 1 . 2 )  w o u l d  
b e  u s e d  t o  s o l v e  f o r  t h e  w o r l d  p r i c e .  T h e n  ( 2 . 1 . 1 )  w o u l d  b e  u s e d  
t o  e s t i m a t e  t h e  b ' s ,  a n d  t h e n  u s i n g  t h o s e  b a s ,  s o  r a n  t h e  p l a n ,  t h e  
w o r l d  p r i c e s  w o u l d  b e  r e c a l c u l a t e d ,  a n d  s o  o n .  U n f o r t u n a t e l y ,  t h i s  
p r o c e d u r e  d i d  n o t  c o n v e r g e ,  a n d  a  l i t t l e  r e f l e c t i o n  made  i t  c l e a r  
t h a t  i t  c o u l d  n o t .  S u p p o s e  t h a t  among t h e  f i r s t  b ' s  w e  c a l c u l a t e ,  
C a n a d a ' s  c o m e s  o u t  h i g h e s t  o n  t h e  f i r s t  s o l u t i o n .  T h e  C a n a d i a n  
p r i c e  w i l l  t h e n  c a r r y  a  h e a v i e r  w e i g h t  t h a n  p r e v i o u s l y  i n  t h e  w o r l d  
p r i c e  o f -  t h e  s e c o n d  i n t e r a t i o n .  On t h a t  i t e r a t i o n ,  t h e  c a l c u l a t e d  
world  p r i c e  w i l l  conform more c l o s e l y  t o  t h e  C a n a d i a n  p r i c e  a n d ,  
h e n c e ,  an even h i g h e r  v a l u e  of  t h e  b  f o r  Canada w i l l  e n s u e .  
A f t e r  t h e  f a i l u r e  o f  t h e  s i m p l e  p r o c e d u r e ,  a  more c o n p l e x  
n o n - l i n e a r  e s t i m a t i o n  method was a d o p t e d .  The n o n - l i n e a r i t y  a r i s e s  
b e c a u s e  t h e  b ' s  e n t e r  (2 .1 .1 )  n o t  o n l y  d i r e c t l y ,  i n  t h e  e x p o n e n t s ,  
b u t  a l s o  i n d i r e c t l y  t h o u g h  t h e  d e f i n i t i o n  o f  t h e  w o r l d  p r i c e .  The 
way o u t  f o r  11s was t o  p i c k  i n i t i a l  b i  and t h e n  f i n d  t h e  b i  which 
would min imize  
I n  t a k i n g  t h e  p a r t i a l  d e r i v a t i v e s  r e q u i r e d  h e r e  i t  is e s s e n t i a l  
t h a t  t h e  dependence  o f  pw on  t h e  b k ,  b e  i n c o r p o r a t e d  i n  t h e  d e r i v a -  
t i v e .  The v a l u e  o f  Abk is  t h e n  used t o  mod i fy  t h e  bk, and t h e  
p r o c e s s  is r e p e a t e d  u n t i l  i t  c o n v e r g e s  i n  t h e  s e n s e  t h a t  t h e  wor ld  
p r i c e  of  one i t e r a t i o n - d i f f e r s  by a n  a r b i t r a r i l y  s m a l l  amount from 
t h a t  o f  t h e  p r e v i o u s  i t e r a t i o n .  With t h i s  p r o c e d u r e ,  c o n v e r g e n c e  
c e a s e d  t o  be a  problem.  
One f u r t h e r  a s p e c t  o f  ( 2 . 1 . 1  n e e d s  t o  be '  n o t e d .  The e f f e c -  
t i v e  p r i c e ,  p e i t ,  used  t h u s  f a r  is d e f i n e d  a s  a w e i g h t e d  a v e r a y e  o f -  
p r e s e n t  and p a s t  d o m e s t i c  p r i c e s .  
I t  is assumed t h a t  t h e  w e i g h t s ,  t h e  w a s ,  w i l l  v a r y  from commodity 
t o  commodity; b u t ,  f o r  a  g i v e n  commodity,  w i l l  b e  t h e  same f o r  e a c h  
i m p o r t e r .  D a t a  l i m i t a t i o n s  a r e  v e r y  c o n s t r a i n i n g  i n  t h i s  c a s e .  To 
e s t i m a t e  s i x  l a g  w e i g h t s  f o r  one  c o u n t r y  w i t h  e l e v e n  y e a r s  o f  d a t a  
is s i m p l y  n o t  a  r e a s o n a b l e  p r o c e d u r e ;  b u t  e s t i m a t e  t h o s e  w e i g h t s  
f o r  a l l  t e n  c o u n t r i e s  rneans we h a v e  110  o b s e r v a t i o n s .  
For  n o n - p r i c e  e f f e c t s ,  a s i m p l e  t r e n d  t e r m  was  a d d e d  t o  
( 2 . 1 . 1 ) .  T h e  r e s u l t i n g  f o r m ,  
( 2 . 1 . 6 )  - M bi  j 
" i j t  ' i j o  . j t  ' i j t  + g i j  t 
e s t i m a t e s  t h e  b ' s  a n d  t h e  w o r l d  p r i c e s  a n d  t h e n  t h e  t r e n d  parame- 
t e r s ,  t h e  g ' s ,  a r e  e s t i m a t e d  f o r  t h e  r e s i d u a l s .  S i n c e  e a c h  g  is 
e s t i m a t e d  i n d e p e n d e n t l y ,  t h e y  w i l l  n o t  a u t o m a t i c a l l y  sum t o  z e r o .  
I f  a n  a d j u s t m e n t  t o  t h e  g ' s  is n e e d e d ,  t h e n  t ! ~ o s e  w i t h  t h e  b e s t  f i t  
s h o u l d  b e  a d j u s t e d  p r o p o r t i o n a l l y  l e s s  t h a n  t h o s e  w i t h  p o o r  f i t s .  
Each  g was a d j u s t e d  i n  p r o p r o t i o n  t o  i t s  s t a n d a r d  e r r o r  s o  t h a t  a 
z e r o  sum was  o b t a i n e d .  
2.2 SUMMARY OF RESULTS FROM EMPIRICAL ESTIMATION 
2 .2 .1  PRICE ELASTICITIES BY COUNTI3Y 
T a b l e  1 p r e s e n t s  t h e  t r a d e  s h a r e  p r i c e  e l a s t i c i t i e s  f o r  e a c h  
o f  t h e  c o u n t r i e s  i n  t h e  m o d e l .  F o r  e x a m p l e  a  1% C a n a d i a n  p r i c e  
d e c r e a s e  p r o d u c e s  a  - . 0 9 %  d e c r e a s e  i n  t h e  U n i t e d  S t a t e s '  e x p o r t s  
t h r o u g h  a  s h r i n k a g e  i n  t h e  A m e r i c a n  t r a d e  s h a r e s .  ( N o t e  t h a t .  t o t a l  
i m p o r t s  a r e  assumed  t o  h e  unchanged  by  t h e  C a n a d i a n  a c t i o n  f o r  t h e  
p u r p o s e s  o f  t h e  mode l  and s o  h e r e  w e  s e e  o n l y  t h e  e f f e c t s  g e n e r a t e d  
by  c h a n g e s  i n  t h e  s h a r e s  t h e m s e l v e s . )  
T a b l e  1. P e r c e n t  change  i n  to ta l  e x p o r t s  c a u s e d  by o n e  p e r c e n t  p r i c e  d e c r e a s e .  
CANADA U N I T E D  JAPAN BELGIUM FRANCE GERMANY I T A L Y  NETHERLANDS U N I T E D  OTHERS 
S T A T E S  (ERG) Y INGDOM 
U N I T E D  . -0.15 1.44 -0.54 -0.19 -0.17 -0.24 -0.26 -0.20 -0.24 -0.17 
S T A T E S  
BELGIUM -0.07 -0.07 -0.11 2.46 -0.11 -0.19 -0.16 -0.09 -0.09 
-0.20 
FRANCE -0.11 -0.09 -0.17 -0.17 1.60 -0.12 -0.15 -0.24 -0.08 -0.10 
GERMANY -0.35 -0.22 -0.64 -0.50 -0.22 2.01 -0.33 -0.42 -0.36 -0.20 
I ( F R G )  
F 
0 
I T A L Y  -0.05 -0.13 -0.23 -0.20 -0.12 -0.15 2.90 -0.22 -0.12 -0.17 
I 
NETHER- -0.04 -0.08 -0.17 -0.22 -0.18 -0.19 -0.22 2.47 -0.13 -0.12 
LANDS 
U N I T E D  -0.13 -0.14 -0.45 -0.14 -0.08 -0.20 -0.16 -0.18 2.14 -0.08 
KINGDOM 
8 OTHERS -0.50 -0.37 -0.92 -0.54 -0.38 -0.47 -0.81 -0.66 -0.36 1.14 
2 . 2 . 2  DISTRIBUTED LAGS ON PRICES 
T h r e e  g e n e r a l  s t a t e m e n t s  c a n  b e  made c o n c e r n i n g  t h e  e s t i m a t e d  
e m p e r i c a l  l a g s .  T h e  f i r s t  is t h a t  t h e  l a g s  a r e  r e l a t i v e l y  l o n g .  
P r i c e s  h a v e  s u b s t a n t i a l  e f f e c t s  o n  t r a d e  e v e n  a f t e r  t h r e e  y e a r s .  
A s  t h e  t a b l e  b e l o w  s h o w s ,  
T a b l e  2 
PROPORTION OF TOTAL PRICE EFFECT 
A £  t e r  
Year  
---- 
1 
o n l y  48  o f  t h e  1 1 9  c a t e g o r i e s  had  9 0 %  o r  m o r e  o f  t h e i r  t o t a l  p r i c e  
e f f e c t  e v e n  a f t e r  f o u r  y e a r s .  T h e  s e c o n d  s t a t e m e n t  i s  t h a t  t h e  
l a g s  f o r  c r u d e  o r  b a s i c  m a t e r i a l s  a r e  s h o r t e r  t h a n  t h e  l a g s  f o r  
m a n u f a c t u r e d  p r o d u c t s .  F o r  e x a m p l e  s h o r t e r  l a g s  were o b t a i n e d  f o r  
U n m i l l e d  G r a i n s  ( T r a d e  s e c t o r  4 )  a n d  C r u d e  R u b b e r ( l 5 ) )  t h a n  f o r  
M i l l e d  G r a i n s ( 5 )  a n d  R u b b e r  M a n u f a c t u r e s ( 3 8 ) .  T h e  t h i r d  s t a t e m e n t  
is t h a t  t h e  l a g s  o n  c o n s u m e r  p r o d u c t s  a r e  s h o r t e r  t h a n  t h o s e  on  
p r o d u c e r  items. F o r  e x a m p l e  t h e  l a g  o n  A u t o  B o d i e s ( 9 7 )  is l o n g e r  
t h a n  t h a t  f o r  P e r s o n a l  A u t o s ( 9 5 )  a n d  t h e  same  is  t r u e  f o r  
L e a t h e r ( l 4 )  v s .  S h o e s ( l 0 7 )  . 
2.2.3 F I T  OF THE EQUATIONS 
2 . 2 . 3 . 1  F ITS  BY IMPOR'I'ER 
T h e  e r r o r  m e a s u r e  t h a t  w a s  c h o s e n  e m p h a s e d  t h a t  t h e  p r i m a r y  
p u r p o s e  o f  t h e  m o d e l  w a s  s h a r e  e s t i m a t i o n s .  A c c o r d i n g l y  t h e  meas -  
u r e ,  E ITS ,  E r r o r s  i n  t h e  S h a r e s ,  is  d e f i n e d  b y  
n 
( 2 . 2 . 1 )  EITS =( L Isijt - s 
jt i=l i j t  
w h e r e  
' i j t  i s  t h e  e s t i m a t e d  s h a r g  o f  i m p o r t s  t a  j 
c o m i n g  f r o m  i i n  y e a r  t ,  
' i j t  is  t h e  a c t u a l  s h a r e  a n d ,  
N i s  t h e  n u m b e r  o f  c o u n t r i e s  i n  t h e  m o d e l .  
T h e  d i v i s i o n  b y  t w o  o c c u r s  b e c a u s e  t h e  c o n s t r a i n t  t h a t  t h e  sum o f  
a l l  s h a r e s  is u n i t y  i m p l i e s  t h a t  a n  e r r o r  i n  o n e  s h a r e  b y  n e c e s s i t y  
g e n e r a t e s  a n  e q u a l  a n d  o p p o s i t e  e r r o r  e l s e w h e r e .  
EITS a l o n e ,  h o w e v e r ,  d o e s  n o t  r e a l l y  g i v e  u s  a  m e a s u r e  o f  how 
w e l l  t h e  m o d e l  p e r f o r m e d .  A s s u m i n g  c o n s t a n t  s h a r e s  a s  a n  a l t e r n a -  
t i v e  m o d e l ,  how much d o e s  o u r  m o d e l  i m p r o v e  t h e  E I T S  m e a s u r e  o f  
f i t .  F i g u r e  1 s h o w s  t h e  d i s t r i b u t i o n  o f  t h e  r a t i o  o f  E q u a t i o n  E I T S  
t o  c o n s t a n t  s h a r e  E I T S  f o r  a l l  c o u n t r i e s  a n d  c o m m o d i e s .  A g l a n c e  
a t  t h e  f i g u r e  s h o w s  t h a t  o u r  e q u a t i o n  r e m o v e d  a b o u t  h a l f ,  p e r h a p s  a 
l i t t l e  l e s s ,  o f  t h e  e r r o r s  w h i c h  a  c o n s t a n t  s h a r e  m o d e l  g e n e r a t e d .  
2 .2 .3 .2  F I T S  BY EXPORTER 
, 
T h e  f i t  o f  t h e  o b j e c t  o f  t h e  m o d e l - - f o r e c a s t s  o f  e x p o r t s - - w a s  
m e a s u r e d  b y  t h e  A v e r a g e  A n n u a l  P e r c e n t a g e  E r r o r s  (AAPR). T h e y  were 
c a l c u l a t e d  f o r  b o t h  t h e  n o d e l  e q u a t i o n  and f a r  c o n s t a n t  s h a r e s .  
The e x p o r t  w e i g h t e d  a v e r a g e s  by c o i r n t r y  a r e  shown below i n  T a b l e  3 .  
Canada 
USA 
J a p a n  
Belgium 
F r a n c e  
Germany(FRG) 
I t a l y  
N e t h e r  l a n d s  
U n i t e d  Kingdom 
O t h e r s  
Average o f  a l l  
Model 
AAPE 
T a b l e  3 
FITS B Y  EXPORTER 
C o n s t a n t  R a t i o  of Yodel 
S h a r e  AAPE t o  C o n s t a n t  S h a r e  AAPE 
The t a b l e  shows t h a t  t h e  model improves  t h e  f i t  f o r  t h e  " l a r g e r "  
e x p o r t e r s  more t h a n  t h a t  f o r  t h e  " s m a l l e r w ,  a  l o g i c a l  r e s u l t ,  g i v e n  
t h e  model and  t h e  e s t i m a t i o n  p r o c e d u r e  which  min imized  t h e  s q u a r e d  
f l o w  e r r o r s ,  
3. THOUGHTS ON FUTYRE EXTENSIONS TO A N D  INPROVEMENTS ON THE MODEL 
The e x p o r t e r  o r  s u p p l y  s i d e  of  t h e  b i l a t e r a l  t r a d e  f l o w  model  
d e s c r i b e d  i n  s e c t i o n  2 h a s  had l i t t l e  a t t e n t i o n  g i v e n  t o  i t  beyond 
i ts  p r i c e  s e t t i n g  f u n c t i o n .  W e  h a v e  n e g l e c t e d  f a c t o r s  s u c h  a s  
d o m e s t i c  c a p a c i t i e s  t o  e x p o r t  and e x p o r t  p e c u n i a r y  and  non- 
p e c u n i a r y  i n c e n t i v e s .  
The e x c l u s i o n  o f  r e l a t i v e  i n d u s t r i a l  c a p a c i t y  h a s  been  n o t e d  
a s  a  s h o r t c o m i n g  b e f o r e  (Nyhus,  7 5 , p . 9 5 )  The  r e a s o n  f o r  e x c l u s i o n  
a t  t h a t  t i n e  was t h e  c o s t  o f  o b t a i n i n g  t h e  n e c e s s a r y  d a t a  on i n d u s -  
t r i a l  o u t p u t s  and c a p a c i t i e s .  Now t h a t  many mcre  o f  t h e  n a t i o n a l  
models  have  been  c o n s t r u c t e d  t h a t  is n o  l o n g e r  a n  o b s t a c l e .  The 
e x a c t  method o f  d o i n g  s o  h a s  y e t  t o  be worked o u t .  Two d i f f e r e n t  
me th o d s  a r e  s u g g e s t e d  h e r e .  The  f i r s t  is t o  work t h r o u g h  t h e  p r i c e  
s y s t e m .  I f  t h e  p r i c e  s e n s i t i v e n e s s  t o  i n d u s t r i a l  c a p a c i t y  c a n  be  
e s t i m a t e d ,  t h e n  i t e r a t i n q  b e t w e e n  t h e  n a t i o n a l  model  f o r  p r i c e s  and 
t h e  t r a d e  model a s  i t  a l r e a d y  e x i s t s  s h o u l d  b e  s u f f i c i e n t .  T h a t  
i s ,  i f  a  q i v e n  e x p o r t  demand g e n e r a t e d  by t h e  t r a d e  mode l  r e s u l t s  
i n  l i t t l e  o r  no e x c e s s  c a p a c i t y  i n  a  p a r t i c u l a r  i n d u s t r y ,  t h e n  
p r i c e s  r i s e  i n  t h a t  i n d u s t r y .  T h e  r e s u l t i n q  h i g h e r  p r i c e s ,  p r o -  
d u c e ,  i n  t h e  t r a d e  m o d e l ,  l e s s  e x p o r t  demand t h a n  o n  t h e  p r e v i o u s  
i t e r a t i o n .  A n o t h e r  f o r n u l a t i o n  is t o  h a v e  c a p a c i t i e s  work d i r e c t l y  
on  t h e  t r a d e  s h a r e s  t h e m s e l v e s .  The  m e t h o d s  a r e  n o t  m u t u a l l y  
e x c l u s i v e  and e i t h e r  o r  b o t h  may p r o v e  u s e f u l .  
E x p o r t  p e c u n i a r y  i n c e n t i v e s  h a v e  b e e n  w i d e l y  d i s c u s s e d  
(Wul f , 7 8 ,  B a l a s s a , 7 8 ) .  T h e s e  r a n g e  o v e r  a  w i d e  s p e c t r u m  o f  p o l i -  
c i e s  s u c h  a s  a  r e d u c t i o n  o f  income t a x e s  f o r  e x p o r t  e a r n i n g s  t o  no 
i m p o r t  d u t i e s  f o r  i m p o r t e d  m a t e r i a l s  u s e d  i n  t h e  m a n u f a c t u r e  o f  
e x p o r t s .  T h e s e  p o l i c i e s  a r e  c o u n t r y  s p e c i f i c ,  a n d ,  I  b e l i e v e ,  b e s t  
h a n d l e d  i n  t h e  i n d i v i d u a l  c o u n t r y  p r i c e  m o d e l s .  F o r  e x a m p l e ,  a f t e r  
d o m e s t i c  p r i c e s  h a v e  b e e n  c a l c u l a t e d ,  e x p o r t  s u b s i d i e s ,  t r e a t e d  a s  
a  n e g a t i v e  v a l u e - a d d e d  c o m p o n e n t ,  c a n  be  u s e d  t o  a l t e r  t h e  d o m e s t i c  
p r i c e  i n d i c e s  t o  c o m p u t e  e x p o r t  p r i c e  i n d i c e s  t o  be  u s e d  i n  t h e  
t r a d e  model.  
E x p o r t  n o n - p e c u n i a r y  i n c e n t i v e s  r a n g e  f rom l e s s  g o v e r n m e n t  
b u r e a u c r a t i c  r e d  t a p e  f o r  e x p o r t  p r o d u c t i o n  ( W u l f , 7 8 )  t o  p sycho log -  
i c a l  f a c t o r s  n e c e s s i t a t i n g  a n  o u t w a r d  l o o k i n g  t r a d e  p o l i c y  ( S e e ,  
f o r  ex am p le ,  F o u q u i n  & L a f a y ' s  " w i l l  t o  c o n q u e r  m a r k e t s " ,  ( 7 5 )  and 
B a l a s s a ' s  " c i t y - s t a t e  o b j e c t i v e  c o n d i t i o n s "  ( 7 8 )  .) need  a t t e n t i o n  
and  t h e  a u t h o r  we lomes  comments  o n  how s u c h  f a c t o r s  may b e  i n c l u d e d  
i n  a p r a c t i c a l  f a s h i o n .  A t  t h i s  t ime t h e s e  f a c t o r s  w i l l  be 
- 1 5  - 
r e p r e s e n t e d  by a  t r e n d  f a c t . o r .  
4. THE L I N K A G E  A S  A PRACTICAL STEP 
4.1 The L inkage  Problem 
We have  a  n a t i o n a l  model o f  a p a r t i c u l a r  c o u n t r y  e x p r e s s e d  i n  
a  n a t i o n a l  c l a s s i f i c a t i o n  scheme and i n  n a t i o n a l  c u r r e n c y .  I n  pa r -  
t i c u l a r  we h a v e  i t s  e x p o r t s ,  i m p o r t s  and d o m e s t i c  p r i c e s  e x p r e s s e d  
i n  t h i s  n a t i o n a l  scheme. On t h e  o t h e r  hand ,  i t s  e x p o r t s  a r e  
e x p r e s s e d  i n  U . S .  d o l l a r s  w i t h  a  s t a n d a r d  i n t e r n a t i o n a l  t r a d e  c l a s -  
s i f i c a t i o n  scheme i n  t h e  t r a d e  model .  I n  a d d i t i o n ,  t h e  p r e c i s e  
c o n v e r s i o n  from o n e  c l a s s i f i c a t i o n  s y s t e m  t o  t h e  o t h e r  is  d o n e  a t  a  
l e v e l  of d e t a i l  e i t h e r  n o t  known o r  n o t  a v a i l a b l e  t o  u s .  How c a n  
we c o n v e r t  f rom t h e  i n t e r n a t i o n a l  scheme t o  t h e  n a t i o n a l  o n e  
w i t h o u t  " l o s i n g "  o r  " g a i n i n g "  a n y t h i n g  i n  t h e  c o n v e r s i o n ?  Two 
a p p r o a c h e s  a r e  g i v e n .  The f i r s t  u s e s  s t a n d a r d  r e g r e s s i o n  t e c h -  
n i q u e s  w i t h  a n  a d d i n g  up c o n s t r a i n t  a t t a c h e d .  The s e c o n d  u s e s  a  
c l a s s i f i c a t i o n  c o n v e r s i o n  m a t r i x  i n  which t h e  row sums match  o u r  
t r a d e  model v a l u e s  and t h e  co lumn sums m a t c h  o u r  n a t i o n a l  model 
v a l u e s .  Of c o u r s e ,  s u c h  a  m a t r i x  is v a l i d  f o r  o n l y  o n e  y e a r .  
T h e r e f o r e ,  we e s t i m a t e  " d i s c r e p e n c y  f u n c t i o n s "  o n  t h e  e r r o r s  pro-  
duced by t h e  u s e  o f  t h e  m a t r i x  f o r  o t h e r  y e a r s .  
4.2.1 Approach 1 : D i r e c t  e s t i m a t i o n  
, 
We b e g i n  by c h o o s i n g  t h o s e  i n t e r n a t i o n a l  s e c t o r s  which a r e  
most  c l o s e l y  r e l a t e d  t o  e a c h  n a t i o n a l  s e c t o r , .  A l l  i n t e r n a t i o n a l  
s e c t o r s  a r e  a l l o c a t e d  o r  a s s i g n e d  t o  a n a t i o n a l  s e c t o r .  We t h e n  
e s t i m a t e  a  s i m p l e  m o d e l  
( 4 - 2 . 1 . 1 )  x i t  = a + b  1 ~ ~ ~ p ~  + c time 
j E T i  
w h e r e  
X i t  is  t h e  e x p o r t s  f o r  i n p u t - o u t p u t  s e c t o r  i 
i n  y e a r  t e x p r e s s e d  i n  n a t i o n a l  c u r r e n c y  
I is  t h e  e x p o r t s  f o r  t r a d e  s e c t o r  j i n  y e a r  t j t  
e x p r e s s e d  i n  U . S .  d o l l a r s  
R t  i s  t h e  e x c h a n g e  r a t e  i n  n a t i o n a l  u n i t s  p e r  
d o l l a r  i n  y e a r  t 
Ti  is  t h e  s e t  o f  t r a d e  s e c t o r s  " b e l o n g i n q "  t o  
1-0 s e c t o r  i 
One i m m e d i a t e  p r o b l e m  w i t h  s u c h  a n o d e l  is  t h a t  w e  know 
a p r i o r i  t h a t ,  f o r  a n y  y e a r ,  t h e  t r a d e  r e p r e s e n t e d  is  t h e  same. 
T h a t  is 
The d i r e c t  i m p o s i t i o n  o f  t h e  a b o v e  c o n s t r a i n t  o n  t h e  s y s t e m  w o u l d  
mean e s t i m a t i n g  a l l  c o e f f i c i e n t s  s i m u l t a n e o u s l y .  ( I n  o u r  e x a m p l e  
t h a t  would be 3 x 3 5  o r . 1 0 5  c o e f f i c i e n t s . )  A s i m p l z r  m e t h o d  f o r  t h i s  
a p p r o a c h  is shown h e r e .  W e  o b s e r v e  t h e  sum o f  e r r o r s  f o r  e a c h  
y e a r ,  t h e n  w e  a d j u s t  o u t  p r e d i c t e d  v a l u e s  s u c h  t h a t  t h e  sum o f  
e r r o r s  is z e r o  f o r  e a c h  y e a r .  T h u s  w e  f u l f i l l  t h e  r e q u i r e m e n t  o f  
( 4 . 2 . 1 . 2 ) .  The  w e i g h t s  f o r  d i s t r i b u t i n g  t h e  e r r o r  s u n  a r e  t h e  
s t a n d a r d  e r r o r s  o f  t h e  e s t i m a t e s  f o u n d  i n  t h e  u n c o n s t r a i n e d  e s t i m a -  
t i o n .  E x p r e s s e d  m a t h e m a t i c a l l y  w e  p e r f o r m  t h e  f o l l o w i n g  c a l c u l a -  
where  
X.i t  is  o u r  e s t i m a t e d  v a l d e  o f  X and  SEEi is  i t  
t h e  s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e  f o r  1-0 s e c t o r  i .  
T a b l e  4  shows  t h e  r e s u l t s  o f  t h i s  f i r s t  a p p r o a c h  f o r  t h e  c a s e  
o f  t h e  F e d e r a l  R e p u b l i c  o f  Germany. F o r  e a c h  1-0 s e c t o r  w e  show 
t h e  a , b , c ,  c o e f f i c i e n t s  a n d  t h e  t - v a l u e s  w h i c h  r e s u l t e d  f rom t h e  
u n c o n s t r a i n e d  e s t i m a t i o n .  The c o l u m n s  headed  "see" is t h e  s t a n d a r d  
e r r o r  o f  t h e  e s t i m a t e d  and n e x t  co lumn  " r b a r s q "  is t h e  II2 o f  t h e  
u n c o n s t r a i n e d  e s t i m a t i o n .  The n e x t  c o l u m n  ' c - r b a r s q "  shows  t h e  
e f f e c t  o f  c o n s t r a i n i n g  t h e  sum o f  r e s i d u a l s  o n  t h e  f i t .  The l a s t  
co lumn is p r o v i d e d  a s  a  r e f e r e n c e  f o r  t h e  s i z e  o f  t h e  f l o w  
i n v o l v e d .  O n l y  two s m a l l  s e c t o r s  had c - r b a r s q ' s  o f  l e s s  t h a n  .9 . 
N e v e r t h e l e s s  w e  c a n  see  some d r a w b a c k s  t o  t h i s  s i m p l e  a p p r o a c h .  
Why, f o r  e x a m p l e ,  s h o u l d  P l a s t i c s ( l 0 )  be d r i v e n  by  a t r a d e  model 
f l o w  a p p r o x i m a t e l y  f i v e  p e r c e n t  o f  t h e  v a l u e  o f  t h e  1-0 f l o w ?  Even 
i f  t h e  f i t  is r e l a t i v e l y  good  w e  c a n  c l e a r l y  see  t h a t  w e  may h a v e  a 
p ro b l em  i n  f o r e c a s t i n g  u s i n g  s u c h  a n  e q u a t i o n .  T h i s  d i f f i c u l t y  
l e a d s  u s  d i r e c t l y  t o  t h e  n e x t  a p p r o a c h .  
4.2.2 Approach  2: I n d i r e c t  e s t i m a t i o n  
T h i s  a p p r o a c h  i n v o l v e s  f i n d  a  m a t r i x  C s u c h  t h a t  
/ 
We t h e n  p e r f o r m  t h e  f o l l o w i n g  c a l c u l a t i o n s  
w h e r e  Di t  i s  t h e  d i s c r e p a n c y  ( 3  i s  z e r o  i n  y c a r  0.)  
and  e s t i m a t e  t h e  rnodel 
( 4 . 2 . 2 . 4 )  D i t  = a  + b  t i m e  + c (i C p i j o / l j o )  'jt) 
s u b j e c t  t o  
T h u s ,  t h i s  s e c o n d  a p p r o a c h  is p r i m a r i l y  a n  e x t e n s i ~ n  o f  t h e  
f i r s t  o n l y  now w e  t r y  t o  d e f i n e  more  c l e a r l y  t h e  s e t  Ti . The  
r e s u l t s  w i l l  become embodied  i n  o u r  e s t i m a t e  of  C .  
Our s e c o n d  a p p r o a c h ,  w h i c h  e x t e n d s  and  r e f i n e s  t h e  c o n c e p t  o f  
t h e  i n t e r n a t i o n a l  t r a d e  v a r i a b l e  I o f  t h e  f i r s t  o n e ,  c o n s t r a i n s  t h e  
c o e f f i c i e n t  on  t h e  t r a d e  model  v a r i a b l e  t o  u n i t y .  F o r  t h i s  r e a s o n  
t h e  s e c o n d  a p p r o a c h  c a n n o t  b e  c o n s i d e r e d  t o  b e  a  b e t t e r  p r e d i c t o r  
i n  a l l  c a s e s ,  
The  r e s u l t s  o f  t h i s  s e c o n d  a p p r o a c h  a r e  shown j n  T a b l e  5 ,  L e t  
u s  compare  t a b l e s  4  a n d  5 ,  T h e  sum o f  t h e  s t a n d a r d  e r r o r s  o f  t h e  
e s t i m a t e  is 4877; t h a t  o f  T a b l e  5 3754  o r  2 - 1 8  a n d  1 . 6 8 ,  r e spec- '  
s e c t o r  
1  a q r l c u l t u r e  
3 n a t u r a l  g a s  c o n s  
5 c o a l  m i n l n g  
6 o t h e r  m l n l n g  
8 c l i e m l c a l s  
9  p e t r o l e u m  p r o d u c  
1 0  p l a s t l c s  
1 1  s t o n e  a n d  c l a y  p 
1 2  g l a s s  
1 3  i r o n  a n d  s t e e l  
14 n o n f e r r o u s  m e t a l  
1 5  w r o u g h t  s t e e l  
1 6  s t e e l  p r o d u c t s  
1 7  n o n r o a d  v e h l c l e s  
18 machinery 
1 9  r o a d  v e h l c l e s  
2 1  c o m p u t i n g  m a c h l n  
2 2  e l e c t r i c a l  m a c h l  
23 s p e c i a l  t o o l l n q  
24 s p o r t s  e q u i p m e n t  
25  wood a n d  t i m b e r  
2G p a p e r  a n d  p a p e r  
p r i n t i n g  
l e a t h e r  p r o d u c t s  
t e x t i l e s  
c l o t h l n g  
f o o d ,  n e s  
d a l r y  p r o d u c t s  
m e a t  p r o d u c t s  
b e v e r a g e s  
t o b a c c o  
c o n s t a n t  t - v a l u e  
225.0 ( 3.38) 
13.3 ( 2.37)  
10.4 ( 8 . 3 3 )  
155.7 ( 5.25) 
746.3 ( 1.81)  
71.0 ( 4.99)  
-453.8 ( -1 .69)  
-189.6 ( -4 .46 )  
156.4 ( 9 .08 )  
-61.0 ( -8 .13 )  
-36.2 ( -8 .44 )  
10.5 ( a .40 )  
-222.7 ( -2 .63 )  
159.8 ( 8 .63 )  
I t - v a l u e  
0.3974 ( 4.57)  
0 .1454 ( 1.251 
0.0526 ( 53 .27 )  
0 .2182 ( 2.84)  
1 .1096 ( 15 .07 )  
8.82R5 ( 53 .87 )  
19 .5381  ( 4 . R l )  
0 .4638 ( 9 . 6 9 )  
1 .8609 ( 29 .53 )  
1 .6886 ( 13 .88 )  
1.0748 ( 17 .87 )  
0 .0466 ( 8 .17 )  
2.3115 ( 11 .90 )  
3 .2162  ( 4.R4) 
1 .9251 ( 25 .60 )  
R.74R7 ( 17.83)  
0 .9937 ( 21.32)  
R.5833 ( 16 .88 )  
0 .4623 ( 5.62)  
0.9789 ( 6 .97 )  
0 .7145  ( 35.77)  
R.9712 ( 36 .57 )  
R.2738 ( 8 .22 )  
0 .1582 ( 1.14)  
8.5267 ( 7 .82 )  
1.0526 ( 9 .53 )  
1 .2306 ( 13 .35 )  
1 .0249 ( 71.R6) 
0 .61R1 ( 5 .73 )  
0 .8593 I 21.45)  
1.0875 ( 19 .16 )  
t i m e  L-v ; l luc  
68.az : 4.01) 
-6.09 ( -0 .30 )  
2.94 ( R.84) 
10.27 ( 1 .95 )  
-133.02 ( -0 .93 )  
-6 .21  ( -2 .23 )  
25.32 ( R.23) 
-27.75 ( -2 .19 )  
12.66 ( 2 .96 )  
109.93 ( 1 .13 )  
18.3R ( 0 .99 )  
7 .17 ( 1 .31 )  
-42.58 ( -2 .09 )  
105.34 ( 1 .96 )  
129.33 ( 1 .27 )  
332.511 ( 3.83)  
6 .85  ( R.54) 
186.15 ( 2.46)  
4.27 ( R.12) 
22.53 ( 0 .32 )  
1R.30 ( 2.06)  
5 .63  ( R.98) 
38.14 ( 4.38)  
38.48 ( 3.25)  
9 6 . 7 1  ( 1 .75 )  
-72.7S ( -3 .12 )  
58.69 ( 2.5n)  
1.49 ( 17.61) 
-16.64 ( - f l .611 
0.82 ( R.50) 
r b a r s q  
0.9667 
-0.8344 
0.9977 
6.8095 
0.9929 
R.9983 
0 .9421  
R.9795 
R.3988 
R.9012 
0.9912 
R.9G82 
R.9712 
0.9018 
0 .9981  
0 .9981  
0.9984 
0.9957 
C1.9763 
0.9840 
6.9989 
0.9983 
0.9946 
0.9583 
0.9803 
0.9895 
0.9873 
0.9996 
n.9653 
0.9965 
0.9924 
c - r l ~ a r s q  1975  v a l u e  
0.9658 2fl7Q. 
-0 .2563 23. 
0 .9971  384 R .  
0 .7721  620. 
0 .9922 29243.  
0 .9983 21R0. 
0 .9292 6228.  
0 .9736 1671.  
0 .9900 2382. 
0.975'1 21577.  
R.9flr18 4531. 
R.9G49 970.  
R.9G92 3714. 
S.9020 5A17. 
D 
tT 
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T a b l e  5: Appro&ch 2 
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~ ~ I - m u m o ~ m m I - m ~ ~ ~ m m ~ m ~ ~ - . ~ ~ ~ m o . m w ~ \ m ~ ~ , c ~ ~ m  
c m - m m m m m m m m m ~ ~ m a m m m a m m m m m m m m m m u . m m  
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Z C ~ N N ~ I - I - - ~ ~ - C ~ W - - P ~ ~ ~ ~ ~ T P . L P N ~ - C ~  
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C C ~ C ~ C - ~ N ~ ~ - N C N ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ B T W - C - C -  
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4 
w w w ~ ~ n ~ m 0 ~ n ~ m w + w - w ~ ~ w ~ n - ~ e - u  
W 4 N I N 0 N N A N  h 
I 
E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
- ~ c u ~ ~ w ~ - m - o ~ n m m w m - - w m v ~ - c ~ n m w m ~ n  
m \ ~ m m - ~ a w w m \ ~ ~ ~ n n ~ ~ w ~ u n ~ ~ n m ~ m w m o m w m ~  > . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I D N N I B N - o ~ ~ B N ~ ~ B ~ ~ E ~ ~ w ~ ~ ~ ~ R N N B ~ ~ ~  
Y I I I 1 1 1  I I I I l l  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
A, 
~ m w w w ~ ~ n r n - - r n m w ~ u m - ~ e w w ~ n ~ ~ ~ ~ ~ m m m w ~  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t i v e l y ,  of t h e  1975 l e v e l  o f  t r a d e .  The S E E  was l o w e r  i n  s i x t e e n  
c a s e s  f o r  Approach 1 a n d  i n  f i f t e e n  f o r  Approach 2. T h e r e  was no 
s y s t e m a t i c  improvement o f  Approach 2  o v e r  Approach 1 by t y p e .  Most 
of  t h e  l a r g e s t  categories o f  e x p o r t  ( I r o n  and S t e e l  ( l 3 ) ,  T r a n s p o r t a -  
t i o n  E q u i p m e n t ( l 7 a n d l 9 )  and E l e c t r i c a l  M a c h i n e r y ( 2 2 )  p r e f e r r e d  
Approach 2  by a  s u b s t a n t i a l  marg in .  Those t h a t  p r e f e r r e d  a p p r o a c h  
1 ( C h e m i c a l s ( 9 )  and M a c h i n e r y ( 2 2 ) )  d i d  s o  o n l y  s l i g h t l y .  The 
i 
r e s u l t s  i n d i c a t e  t h a t  improve~nen t  i n  t h e  s p e c i f i c a t i o n  of  t h e  C 
c 
m a t r i x  is  u s e f u l  b u t  t h a t  n e i t h e r  a p p r o a c h  is  d o m i n a n t .  
The second  a p p r o a c h  was a l s o  used f o r  t h e  c o n v e r s i o n  of  FHG 
i m p o r t s  from t h e  n a t i o n a l  t o  t h e  t r a d e  model .  I n  s o  d o i n g  we 
deve loped  a  m a t r i x  ern, 
4.3 F u r t h e r  Uses  of  t h e  C m a t r i c e s  
The m a t r i c e s ,  C and c", d e v e l o p e d  f o r  t h e  e x p o r t  and impor t  
l i n k a g e s  a l s o  p r o v i d e  u s  w i t h  a  method f o r  t h e  p r i c e  c o n v e r s i o n  t o  
and from t h e  t r a d e  model .  Fo r  example ,  w e  w i l l  now d e f i n e  t h e  
'b 
d o m e s t i c  p r i c e  f o r  c o u n t r y  A i n  t r a d e  s e c t o r  I i n  y e a r  t a s  
and t o  c o n v e r t  t h e  w o r l d  p r i c e s  o f  t h e  t r a d e  model t o  i m p o r t  p r i c e s  
f o r  u s e  i n  t h e  d o m e s t i c  m o d e l s  we h a v e  
I 
4 . 4  F u t u r e  Developments  
I t  is w e l l  t o  s t a t e  now t h a t  t h e  C m a t r i c e s  d e r i v e d  above  c a n  
and w i l l  be s u b s t a n t i a l l y  improved upon i n  t h e  f u t u r e .  For  t h e  
example above no s p e c i f i c  knowledge was c a l l e d  f o r  from t h e  F R G  t o  
h e l p  u s  o b t a i n  t h e  C m a t r i x  t h a t  was used .  We used o n l y  o u r  b e s t  
g u e s s e s .  The method is, however ,  a  p r a c t i c a l  s t e p  i n  t h e  l i n k a g e  
p r o c e s s .  Work w i l l  now b e g i n  on d e v e l o p i n g  C m a t r i c e s  f o r  t h e  
o t h e r  c o u n t r i e s  i n v o l v e d  i n  t h e  systern.  
I 
REFERENCES . 
Almon, C. and Nyhus, D. ,  The INFORUM I n t e r n a t i o n a l  S y s t e m  of 
I n p u t - o u t p u t  Models and B i l a t e r a l  T rade  Flows,, Inforum R e s e a r c h  
R e p o r t  No. 21, S e p t e m b e r ,  1977 
B a l a s s a ,  B., E x p o r t  I n c e n t i v e s  and Expor t  Pe r fo rmance  i n  Deve lop ing  
C o u n t r i e s :  A C o m p a r a t i v e  A n a l y s i s ,  W e l t w i r s c h a f t l i c h e s  A r c h i v ,  Band 
1, 1978 
Nyhus, D., The T r a d e  Model o f  a Dynamic World I n p u t - O u t p u t  Sys tem,  
Inforum Resea rch  R e p o r t  No. 14 ,  J u l y ,  1975. 
Nyhus, D., A D e t a i l e d  Model o f  B i l a t e r a l  Commodity T r a d e  and t h e  
E f f e c t s  o f  Exchange R a t e  Changes ,  i n  E c o n o m e t r i c  C o n t r i b u t i o n s  -- t o  
P u b l i c  P o l i c y ,  e d ,  R i c h a r d  S t o n e ,  Macmi l lan ,  London, 3.978 
Wulf ,  L,, F i s c a l  I n c e n t i v e s  f o r  I n d u s t r i a l  E x p o r t s  i n  Deve lop ing  
C o u n t r i e s ,  N a t i o n a l  Tax J o u r n a l  (XXX1,No.l) , March, 1978 
